A thermoelectric generator is silent and reliable, can be used to convert a temperature gradient to electricity based on the principles of Seebeck effect and vice versa. Very maximum power point tracker (MPPTs) are widely used in thermoelectric systems in order to extract the maximum available power for varying load and a given temperature difference. The perturbation and observation (P&O) algorithm are one of the most widely used due to ease of implementation. However, the operating point oscillates around the MPP that increase the loss of energy in the power of the TEM. Many improvements of the P&O algorithm have been proposed in order to reduce the oscillations. Therefore, in this paper, a P&O MPPT technique based on PI controller has been used for achieving the Maximum Power Point of a thermoelectric system. Performance of this technique is compared against the P&O based passivity control one through simulations.
INTRODUCTION
Thermoelectric energy is renewable source of energy, are able to convert the heat energy to electrical power. The thermoelectric generator consists of a number of thermocouples that are connected electrically in series to increase the voltage and thermally in parallel [1] , as example, the HZ-20 module which it consists of 71 thermocouples [2, 3] . If a load is connected with the TEM HZ-20, a direct current flows and its power output of this device varies with temperature difference.
To extract maximum power from thermoelectric system, the Boost converter with MPPT controller is used. Many MPPT algorithms have been proposed in the literature [4] . The method of Perturb and observe (P&O) is the most commonly used because its ease and simple implantation. The main disadvantage of this algorithm that when the MPP is reached, the output power oscillates around the MPP [5] . Therefore, resulting in a power loss in the thermoelectric system.
In this paper, we propose an MPPT Perturb and observe algorithm based on a PI controller to achieve better TEM output performance. The main problem of using the PI controller is tuning its parameters to achieve optimum performance. However, the problems of stability get avoided in Perturb and observe based passivity control. The main purpose of this paper is to present a comparative analysis between the conventional Perturb and Observe (P&O) algorithm, the P&O method using a PI and the Perturb and observe based passivity for extracting the maximum power from the TEM system. The results show the Perturb and observe based passivity has much faster tracking time than the P&O method using a PI and the oscillation can be set to near zero. This paper is organized as follows: section 1 presents the basic system configuration of the thermoelectric power generation system, operation characteristics, section 2 presents the theory of passivity (modeling of the Boost converter by Euler Lagrange) and a configuration of the algorithm perturb and observe based passivity approach (P&O/EL-PBC) MPPT. Section 3 discuss the simulation results with comparisons between a perturb and observe based passivity and a classical perturb and observe based PI in various situation, using MATLAB/SIMULINK tools and without it ending with the conclusions presented in section 4.
THERMOELECTRIC GENERATOR
A typical thermoelectric generator power module is shown schematically in Figure1: Taking the HZ-20 module as an example, rated for 19W at ∆T=200 °C. It consists of 71 thermocouples connected electrically in series and thermally in parallel [1, 6] . The open-circuit thermoelectric potential VOC can be expressed as:
where; α is the Seebeck coefficient. The Norton equivalent circuit of a practical TEM module is shown in Figure 2 [7] . . (2) where, Ns number of TE thermocouples connected in series, and Ri electrical resistance of TEM. Figure 3 shows the output power generated as a function of the current for the HZ-20 TEG module. We can see that the output power increases with rising temperature difference. The TEM will not automatically work at the MPP because it changes over the changes different temperature gradients. Maximum Power Point Tracking (MPPT) is used to track the MPP and makes TEM module work at the MPP all the time.
CHARACTERISTIC OF THE TEM
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BLOCK DIAGRAM OF THE MPPT THERMOELECTRIC SYSTEM In any thermoelectric system, the output power can be increased by tracking the MPP of the TEM module by using a controller connected to a dc-dc converter (usually boost converter). By changing the duty cycle, the load impedance as seen by the source varies and matches at the point of the peak power with the source so as to transfer the maximum power. Various techniques have been proposed for tracking the MPP in the thermoelectric system; the most used algorithm is the Perturb and observe method [6] . It is based on the perturbation incrementing or decrementing the voltage and observing the result of this disturbance on the measured power. The algorithm oscillates around the peak point when the maximum power point is reached [8] .
This oscillation around the MPP is one of the drawbacks of the method. For that, we propose an MPPT P&O algorithm based on a PI (Proportional Integral) controller [9] . The output signal u(t) delivered by the proportional and integral controller is proportional to both input signal V(t) and integral, as shown below: Figure 4 presents the block diagrams of the tracking system using the algorithm P&O based on a PI controller.
The MPPT block is used to generate the reference voltage (Vref) which is compared with the thermoelectric voltage (VTE) by the PI controller. The PI controller works towards minimizing the error between a both voltages by varies the duty cycle of the boost converter. The simulation results for different conditions are discussed in the last part. One disadvantage of the P&O based PI is the stability and dynamic performances are impossible [5] . In the next section, a comparative study of the Perturb and Observe (P&O) based PI algorithm, and the Perturb and Observe based passivity is given. A simulation to verify the effectiveness of the algorithm is described next, and the results are complemented by a comprehensive discussion.
PERTURB AND OBSERVE BASED PASSIVITY CONTROL
Perturb and Observe based passivity use to have a faster controller response and to increase system stability once reached the MPP. This technique demonstrates its effectiveness and makes it among the best control for the tracking MPP. In this article a Lagrangian dynamics is presented.
The basic principles of Lagrangian
The Lagrangian of the system is represented by the differential equation as follows [10] [11] :
where: L: The Lagrangian of the system, represented as the magnetic co-energy of the inductive elements and the electric field energy of the capacitive elements:
T: is kinetic energy. V: is potential energy. F: the Rayleigh dissipation function is given by:
Q: exogenous inputs to the system. Figure 5 shows basic circuit of a DC-DC boost converter circuit. The DC-DC boost converter will boost up the output voltage to be higher than input voltage [7] . 
Modeling of Boost converter by Lagrangian
where qL and qC are the quantity of charge in the inductance and the output capacitance respectively. Moreover, the switch position takes the value 0 or 1. Now, Lagrangian can be formulated as:
Then, by replacing (7) and (8) in (4) it yields to:
That is, the input current defined as 
Thus, we introduce the damping injection function in the system to ensure the asymptotic stability.
The damping injection function consists in modifying the Rayleigh dissipation function as follow:
where: Rd: the desired dissipation. RB: the injected damping matrix. The injected damping matrix can be described through the following equation:
We consider that a storage function of the system can be chosen according to the form:
So, we can propose as a desired storage function:
where: ̌= − ; Then, xd desired value of x.
If we replace the error dynamics x in the system equation (10), we find:
We ensure the stabilization of our system, if we set the Φ=0.
( )
The error behavior is asymptotically stable to zero; it means that is independently of µ.
In order to satisfy (16), one must demand:
Finally the scalar form:
Then, the solving of equation (18) results:
where: Vd:
is the output MPPT P&O voltage delivered to the passivity bloc control system. 
SIMULATION RESULTS AND ANALYSES
In this section, the responses of the P&O MPPT, the P&O based a PI controller and the P&O MPPT based passivity are presented and analyzed. The TE system was simulated in MATLAB/SIMULINK. The TEM module (HZ-20) which is taken as the reference TEM module for the simulation, the manufacturer's data sheet details for this module are given in Table 1 . The results of the output power, voltage and current of the TME for the different temperature gradients From the simulation results, we can observe that the P&O/EL-PBC shows the best performance in both the total power (less steady state oscillations) and the response time (faster settling time) against the P&O and the P&O/PI algorithms, resulting in higher energy produced by the TEM module. the Figure 7 and Figure 8 show the output waveforms of the voltage and current, the results illustrates that the P&O/EL-PBC MPPT reaches faster to the optimal voltage and current with less oscillations compared to the both MPPT.
Figure10. Difference temperature gradients of the TEM
The Figures (11) , (12) and (13) show the simulations results concerning the power, voltage and current of the TME module during a change in different temperature gradients from ∇T = 200℃ to ∇T = 250℃ at t=0.2sec.
As shown by Figure11, it can be noticed that the P&O/EL-PBC can track the maximum power at 0.005s compared to the P&O MPPT and P&O/PI tracked the MPP at the 0.06s and 0.05s respectively. Besides, the TEM power is more stable than the P&O/EL-PBC controller. On the other hand, at the t=0.2s, we apply a sudden change in the different temperature gradients, it can be observed that the P&O/EL-PBC can reduced the power loss compared the P&O/PI. The comparison of the power efficiencies of the different MPPT controllers is shown in Table 2 . From table II, we can see that the best efficiencies in terms of power generated by the TEM are obtained with the P&O/EL-PBC, followed P&O/PI and least by the P&O method. Finally, the P&O/EL-PBC can track the MPP faster and control the TEM system to achieve better performance in term of power stability.
Simulation results for sudden changes in the load
In this section, we study the behavior of the system thermoelectric to the sudden change of the load. The load resistance is changed from R=3Ω to R=3.5Ω at t=0.21s. Figure 14 , we can see that the P&O/EL-PBC has good performance compared with a PI controller, it performs a small power loss at time t=0.34s. The efficiency of this algorithm is 99.99 % respectively.
CONCLUSION
This paper presents the comparison of P&O MPPT, P&O besed PI and P&O/EL-PBC in relation to their performance. The results indicate that P&O/PI method has low efficiency because of its lack of speed in tracking the MPPT. But, the P&O/EL-PBC method shows the effectiveness of the last to eliminate the oscillations and achieve less response time successfully
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